Abstract -Five accessions of Dipcadi erythraeum, a rare and endemic, bulbous medicinal plant of Thar desert in India, were collected from different districts of Rajasthan (India) to study the intra-specifi c genetic variation existing in their natural populations. To resolve species specifi c cytogenetical mechanism leading to evolution of D . erythraeum, mitotic and meiotic analyses were carried out. The karyotypes of various accessions of D. erythraeum were precisely resolved into ten distinct homologous pairs, not into groups of chromosomes. A striking feature observed meiotically is that bivalents are the most frequent association, while multivalent associations were completely absent in any of the PMCs presently analyzed. Almost diploid like behavior of chromosomes has been the hallmark of the PMCs investigated presently. Overall cytogenetical mechanism underlying the speciation and evolution indicates the probable amphidiploid origin of D. erythraeum.
INTRODUCTION
The genus Dipcadi of family Hyacinthaceae (formerly Liliaceae) is reported mainly from Africa, Madagascar, peninsular India and neighboring Pakistan. Ten species of this genus are reported, of which D. erythraeum is distributed in India as well as in different tropical regions of the world such as Canary Islands, Arabia, Egypt and Saudi Arabia. D. erythraeum is reported as an endemic and threatened plant in India and its distribution is restricted to rocky and gravelly soils of north-west Rajasthan (BHANDARI 1990 ). This species is found in hilly rocks of Son Talai area in Barmer district, Miajlar area in Jaisalmer district, Sunda hills at Dantaliawas in Jalore district and from Gupt Ganga locality near Sursagar and Kailana rocks of Jodhpur district (SINGH 1996) of Rajasthan state in India. This species has been categorized as rare and endemic by BHANDARI and SHRINGII (1987) .
D. erythraeum belongs to the same tribe in which the alkaloid yielding Urginea indica is included. Bulbs are used as a substitute and adulterant of those of Indian squill (U. indica Kunth), which resemble digitalis in action and used as an expectorant (AMBASTA et al. 1986 ). The bulbs of D. erythraeum are eaten raw during the famine. Locally known as piazi, it is a bulbous scapigerous herb. Normally it is observed in rocky and gravelly habitats where rainwater collects for some days. The leaves are narrowly linear while the fl owers are greenish in color. Flowers and fruits appear during the months of August-September (BHANDARI 1990) . Plants produce fl owers and fruits in short period of time following monsoon rains. Phenotypic variations, though at lower magnitude, were found in the size of bulbs (13-20 mm in diam.) (Figs. 1-2), plant height (from 15-18 cm), leaf shape (linear/ broader) as well as in scape size among the plants collected from Kailana and Sursagar areas of Jodhpur district.
The cytogenetical information of this genus is limited and is confi ned to a few reports (KAMMANI 1975; KAUR 1992; MANNING et al. 2004 ) that are restricted to chromosome counts and sporadic occurrence of B chromosomes. From the perusal of published literature, it is amply clear that the taxonomical status of various genera/sub-genera belonging to family Hyacinthaceae (formerly Liliaceae) has been a topic of immense importance. MANNING et al. (2004) have proposed a thoroughly revised synopsis of Hyacinthaceae and its taxonomical status based on molecular data. Despite having molecular phylogenetic data based on plastid DNA sequence (PFOSSER and SPETA 1999) of family Hyacinthaceae, the cyto-taxonomy including chromosome counts, karo-morphology, meiotic details and genetic control of chromosome behavior still remain a matter of utmost interest and importance.
Thus, the present investigations have been undertaken to understand the genetic diversity at intra-specifi c level through intensive karyomorphological studies, symmetry related aspects of chromosomes, chromosome associations, recombination frequencies estimated through chiasma analysis and above all the natural cytogenetical mechanism underlying the speciation and evolution of D. erythraeum, an important member of the family Hyacinthaceae.
MATERIALS AND METHODS
For collection of plant materials, extensive surveys have been conducted in different districts of Rajasthan viz. Jodhpur, Pali, Sirohi, Nagaur, Barmer, Bikaner, and Jaisalmer to locate populations of Dipcadi erythraeum (Figs. 1-2). The plants were marked and appropriately labeled before seeds and fl ower buds were collected from them, which formed the basic materials for mitotic and meiotic studies respectively. Voucher specimens were deposited in local herbaria of Botanical Survey of India, Jodhpur (Rajasthan) and the accession numbers were obtained from them.
For mitotic analysis, root tips of D. erythraeum were collected from the bulbs, which were grown on sandy soils, maintained at room temperature in the laboratory. The roots of appropriate size (0.5-1.0 cm) were excised and pretreated with 0.025% colchicine (Himedia) for three hours at room temperature. After the pretreatment the roots were washed 4-5 times in distilled water and the transferred to freshly prepared carnoy's fl uid (1:3, glacial acetic acid: 95% ethanol mixture) for 24 hours. Roots were hydrolyzed with 1N HCI for 8-10 minutes at 60 0 C and stained in 0.5% leuco-basic fuchsin. The stained root tips were squashed in 1% acetocarmine. Idiograms were prepared from photomicrographs through cutting out individual chromosomes, and matching on the basis of morphology arranging them in descending order of their length. BATTAGLIA's (1955) classifi cation of metacentric/median (V), submetacentric/sub median (L), subtelocentric (J) and telocentric (I) based on the arm ration of 1:1, >1:1<1:3, >1:3<1:0 and 0:1, respectively, was used for comparative studies. The karyotype asymmetry indices were assessed using PASZKO (2006) method by calculating coeffi cient of variation in terms of chromosome length (CV CL ) and centromeric index (CV CI ).The karyotype asymmetry index ( AI ) defi ned as the product of coeffi cient of variations (both CV CL and CV CI ).
For meiotic analyses, fl ower buds of appropriate size were collected from selected mature plants and fi xed on the spot in freshly prepared 1:3 glacial acetic acid: 95% ethanol mixture for a minimum of 24 hours at room temperature and later stored in 70% ethanol at 10 °C . Anthers were squashed in one percent acetocarmine solution for meiotic studies. On average 20-25 Pollen Mother Cells (PMCs) were analyzed at diplotene / diakinesis / metaphase I to estimate the range of chromosome associations and recombinational frequencies through chiasma analysis. At anaphase I/II on average 15-20 cells were analyzed to study the distributional pattern of chromosomes/chromatids. Photomicrographs of cytological preparations were taken from temporary slides that were observed with trinocular research microscope (Olympus, model BX60F), and photographs were taken with PM-60 camera.
RESULTS
Mitotic and male meiotic data, including information on chromosome complements and association of chromosomes in various accessions of D. erythraeum has been summarized in Tables  1-4 Mitotic complements -Five accessions belonging D. erythraeum have been studied for somatic chromosome analysis. All the accessions had shown the chromosome number of 2n=2x=20 respectively in mitotic and meiotic studies. The chromosome complements in root tip cells of all the fi ve accessions (BSJO 26501-A to E) were resolved into 10 pairs forming a series from the largest to shortest pair within the complements . Data pertaining to shortest chromosome length (SC), longest chromosome length (LC), mean length of chromosomes (CL), mean centromeric index (CI), relative variation in chromosome length (CV CL ) and relative variation in centromeric index (CV CI ) has been detailed in Table 1 .
Karyotypic formulae of these accessions have revealed the occurrence of more number of telocentric chromosomes followed by sub-metacentrics. Metacentrics are encountered only a few in number. Technical diffi culties thwarted the authors efforts to analyze the chromosomes for secondary constrictions and heteromorphic pairs.
Following the method of Paszko (2006) Male meiosis -The meiotic details of various accessions viz. chromosome associations at diplotene/diakinesis/metaphase I are summarized in Table 2 . The data on total and mean number of chiasmata and its range along with number of chiasmata terminalized, terminaliza-tion coeffi cient and its percentage pollen stainability is summarized in Table 3 . The distribution pattern of chromosomes at anaphase I have been detailed in Table 4 , while most of these observations are illustrated in Figs. 9-40 .
From the data summarized in Table 2 , it is amply clear that all the accessions presently investigated were characteristic in showing 10 bivalents at diplotene/diakinesis/metaphase I in all the PMCs analyzed. Not even a single quadrivalent was encountered in any of the accessions presently investigated. The mean value of total number of bivalents per PMC was observed to be highest (5.93) in BSJO 26501-B and lowest (2.75) in BSJO 26501-A, respectively. The mean value for ring types ranged between 2.09 (BSJO 26501-A) to 4.86 (BSJO 26501-B), while rod bivalents were ranging from 0.65 (BSJO 2650-A) to 1.06 (BSJO 26501-B). The mean number of univalents was found to be more than expected From the data presented in Table 3 it is apparent that mean number of chiasmata per cell ranged 
DISCUSSION
From the perusal of earlier published literature it can be observed that except D. erythraeum, the other species grown in India viz. D. conceanense, D. montanum, D. saxorum, D. serotinum and D. ursular etc. have been studied in detail for their chromosome counts, karyotypic analysis, besides general cytology and morphology (KAMMANI 1975) . The information obtained from all these species of Dipcadi has indicated the occurrence of 2n= 8, 10, 12, 14, 20, 32, 64, and 68 (KAMMANI 1975) . When we combine the published information on chromosome counts together with present fi ndings, and try to trace the pattern of evolution, it appears that many of the species of the genus Dipcadi are derivatives of x=4. This fi nding derives support from the fact that 2n=2x=8 is reported in majority of the Dipcadi species, while other taxa with chromosome numbers of 2n=12, 20, 32, 64 and 68 appears to be polyploid derivatives based on x=4.
The karyotypes of various accessions of D. erythraeum were resolved into distinct pairs (10 homologous pairs) but not into groups of four chromosomes or more, which rules out the possibility of autopolyploidy being responsible for the species evolution of D. erythraeum. But the major objection for treating D. erythraeum as autopolyploid also comes from the meiotic data that reveals absence of multivalent chromosome associations. A striking feature of D. erythraeum observed meiotically is complete lack of multivalent associations in any of the PMCs, even rarely. Bivalents are the most frequent association in PMCs analyzed. Almost diploid like behavior of chromosome has been the hallmark of PMCs investigated presently, which inadvertently contradicts the autopolyploid nature of D. erythraeum. In such a case, the other possibility is the amphidiploid origin of D. erythraeum, which merits consideration. According to this concept certain diploid species like D. serotinum (2n=8) and D. saxorum (2n=12) might have intercrossed with each other to produce an unstable F 1 hybrid with 2n=10, which upon subsequent polyploidization has given rise to 2n=20. This concept derives support from our meiotic observations on both chromosome associations and their disjunction at anaphase I and II. High number of univalents observed in various accessions whose mean value is almost three to four times more than corresponding value of total bivalents, is direct indicative of the fact that there is extensive heterozygosity among the pairing partners at zygotene which discouraged synapsis among the chromosome leading to bivalent formation.
Generally heterozygosity of such high order is seen in hybrids involving two entirely different genomes (SINGH 2003; GUPTA 1995) . Another supportive feature for amphidiploid nature of D. erythraeum comes from data on mean chaisma values, which were recorded as low as 4.84 and 5.58 as against expected 10.00. Even these fewer chaisma have terminalized earlier giving high terminalization coeffi cient values, which ranged from 0.78 to 0.89. Such observation also support the view that D. erythraeum adopted amphidiploidy as means of evolution rather than indulging in autopolyploidy or structural chromosome alterations. About 20% of PMCs analysed at anaphase had shown the presence of laggards whose number ranged from two to four. These abnormalities at anaphase I and II are in turn correlated with high number of univalents encountered during prophase I/metaphase I. Such abnormalities at anaphase I and II will have direct infl uence on the percentage pollen stainability of various taxa studied. Barring one accession D. erythraeum BSJO 26501-E, all the remaining four accession had low percentage pollen stainability (60-75%), which can be correlated to anaphase I and II irregularities observed in them. This feature also prompts us to consider the amphidiploid origin of D. erythraeum since an amphidiploid genome (XX YY) can resolve into distinct homologous pairs in karyotypes and perfect bivalents at metaphase I of meiosis, which is the case observed in D. erythraeum accessions studied presently.
In the present investigations, all the accessions of D. erythraeum did exhibit variation with respect to the number of metacentric (V), submetacentric (L) chromosomes, one common feature observed in all of them was the predominance of telocentric chromosomes whose highest number was 18 (out of 2n=20) somatic chromosomes. Among meta-and submetacentric chromosomes the later outnumbered the former in all the accessions. Two accessions D. erythraeum BSJO 26501-A and BSJO 26501-C are characteristically lack of metacentric chromosomes altogether, while maximum of 16 submetacentric were recorded in BSJO 26501-D. The asymmetrical index (AI) calculated for all the accessions had shown moderate to low values thereby indicating lesser asymmetry of the karyotypes. Further, the CV CL and CV CI values have the advantage of higher precision and sensitivity to karyotype asymmetry (PASZKO 2006) . Such observations are in conformity with other aspects of karyotypes discussed elsewhere in the present study, such as lesser number of metacentric/submetacentric and high number of telo-and subtelocentric chromosomes coupled with more than expected number of heteromorphic pairs. The high degree of symmetry is directly correlated with the genomic stability followed by hybridization which was observed in D. erythraeum, is a common feature in many Liliaceous member (GOHIL and KOUL 1973; GOHIL, 1970, 1971; KOUL et al. 1971) . The absence of aneusomaty and / or deviant chromosome numbers and overall high degree of symmetry of chromosome suggest that the species diversifi cation has occurred without the involvement of chromosome structural alterations.
The most ideal way of determining the genomic status and hybrid nature of a plant species is to perform crosses between the suspected species and by the analysis of progeny. In the absence of availability of suspected species coupled by the diffi culty of rare occurrence of D. erythraeum fl oral buds, it was not possible to ascertain the true amphidiploid origin of D. erythraeum. However, modern molecular cytogenetical techniques like genomic in situ hybridization (GISH), can resolve the problem in a more effi cient manner. Literature is full of such examples like Arachis hypogea (SINGH et al. 2002) , Coffea arabica (RANI et al. 2000) etc. where the contradiction and ambiguities regarding the role of particular species as a progenitor for amphidiploid derivatives has been amicably settled. Therefore, it is recommended that such refi ned techniques must be adopted in resolving the true genomic nature of D. erythraeum. 
